
Toward high-rate on-time mm-
accurate SLR at Stafford, Virginia

1Jake Griffiths, 1C. Font, 1C.I. Moore, 1F. Santiago, 1R. Smith, 1A. DeRieux, 2J. Ghiorzi, 1L. Thomas

1Naval Research Laboratory, Washington, DC 20375
2R&M Technologies

21st International Workshop on Laser Ranging ï5-9 November 2018 ïCanberra, Australia



Å Enable NRL to participate in ILRS and other Laser Time Transfer (LTT) experiments, 

including NASAôs CHOMPTT and ESAôs ACES/ELT

- leverage COTs equipment and technological advances from ILRS to date

Å ACES/ELT

- launch to ISS: expected (2020?)

- ultra-stable atomic (Cs fountain + H-maser) clock

ensemble1,2,3

- microwave link10 for ACES primary time transfer mode

- 532nm laser link12 for optical timing experiments

Ågated detector: laser pulse on target within 100ns

Å Objectives of optical link payload:

- evaluate limits in comparing precision ground clocks

via LTT utilizing ACES timescale

- improve atmospheric propagation models by comparing refractive

index to microwave propagation delay

- optically derived precision orbits for ISS

Source: http://www.esa.int

Objective & Motivation
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U.S. Naval Research Laboratory

CHOMPTT

Å NASA Ames (bus)

Å Univ. of Florida (OPTI)

Å NRL & Univ. of Florida ground stations

Å Launch expected late 2018

Anderson et al., in press (Adv. Space Res.)

1U OPTI Payload
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Telescope: Brashear 1 meter telescope
Å All reflective design

Å F#: 89

Å Focal plane: @12.640 m

Å Slew rates:

Å 15 degrees/sec slew rate (elevation)

Å 25 degrees/sec slew rate (azimuth)

Å Pointing accuracy: <2 arcsec RMS all sky

Laser: Lumentum PicoBlade
Å Ultra-short pulses, passively stabilized

Å ~28 ps (532 nm)

Å ~34 ps (1064 nm)

Å Single-shot to 20 kHz capable

Å 82 MHz oscillator (syncs to high precision 

external clock)

NRL Enabling Technology (1/2)

21st IWLR Canberra, Australia  |  4U.S. Naval Research Laboratory



Rx detector: Compensated Single Photon 

Avalanche Detector (C-SPAD)
- Si APD

- 200 µm active area

- Quantum Efficiency: 40% 

- AR coated for 532

- Accepts 12 mm diam beam

- FOV: 1 degree

- Active quenching circuit

Å Time walk compensation

< ±10 ps

Optical train:
- Custom optical elements were designed 

at NRL for better and efficient coupling 

of the laser system into the telescope

- High quality optics (mirror, polarizers, 

lenses) were acquired for system 

efficiency

NRL Enabling Technology (2/3)
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Detector gating: Graz Range Gate 

Generator
- medium Resolution Event Timer and 

range gate generator

- 5ns resolution in time stamping

- 500ps resolution programable range 

gate generator

- accurate enough for generating range 

gates, range residuals, and real time 

plots for displays

Event timing: New Picosecond Event Timer 

(NPET)
- supports 2kHz epoch timestamping

- <0.9ps timing jitter per channel

- <0.5ps timing drift per Kelvin

- <0.1ps/hour timing stability

- requires spectrally clean clock signal

NRL Enabling Technology (3/3)
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New Reference Timing Signals

Å High precision atomic frequency reference

- Microsemi H-maser w/ LPN option

- AOG used for steering to UTC

- Dedicated SMF-28e+ host <-> LTT testbed

Å~750m one-way

- Microsemi 6511 (coarse time-of-day)

Å TWTFT over fiber with CHRONOS 6501

Å <20ns performance

- Linear Photonics On-time PPS to LTT testbed

Å PPS time marker aligned to UTC(USNO)

Å 276ps (±<1ps) static offset Tx/Rx

- Linear Photonics DiLink to LTT testbed

Å delivers H-maser 5MHz frequency reference

Å Uuncompensated for fiber delay variations

Å Initial integration complete August, 2018

Å Ongoing monitoring of signals at H-maser and LTT 

testbed

21st IWLR Canberra, Australia  |  7U.S. Naval Research Laboratory

U.S. Naval Research Laboratory



Transferring Timing Signals to LTT Testbed
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Å 6511 IRIG used for time of day

Å LP DiLink

- uncompensated for fiber path delays

Å LP On-time PPS performance

- Tx ïRx offset: 276ps

- over ~1500m roundtrip

SMF-28e+

(~750m one-way)
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Time & Frequency Distribution

Å Linear Photonics Timelink

- On-time PPS Rx

Å 276ps (±<1ps) static offset Tx/Rx

- DiLink Rx

Å Spectra Dynamics, Inc.

- PPS generator

Å timing reference for event timers

Å aligned to UTC(USNO) within ~250ps

- low-noise frequency cleanup osc.

Å 100MHz output for event timers

Å 10MHz output for synthesizer

- low-noise frequency synthesizer

Å 82MHz for laser CLX-1100

Å CLX-1100 measures laser oscillator jitter wrt

input 82 MHz = ~0.10ps

Å Microsemi PPS and RF Amps

- timing source for legacy SLR systems

MRC1

GNSS

Rx

Laser chiller

Laser controller

Laser CLX-1100
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System Level Functional Diagram
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